This investigation provides molecular analyses of the periodontal microbiota in health and disease. Subgingival samples from 47 volunteers with healthy gingivae or clinically diagnosed chronic periodontitis were characterized by PCR-denaturing gradient gel electrophoresis (DGGE) with primers specific for the V2-V3 region of the eubacterial 16S rRNA gene. A hierarchical dendrogram was constructed from band patterns. All unique PCR amplicons (DGGE bands) were sequenced for identity. Samples were also analyzed for the presence of Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis, and Tannerella forsythensis by multiplex PCR. Associations of patient age, gender, and smoking status together with the presence of each unique band and putative periodontal pathogens with disease were assessed by logistic regression. Periodontal pockets were colonized by complex eubacterial communities (10 to 40 distinct DGGE bands) with substantial individual variation in the community profile. Species diversity in health and disease was determined by the ShannonWeaver index of diversity and compared by the Mann-Whitney U test. Sequence analyses of DGGE amplicons indicated the occurrence of many nontypical oral species and eubacteria previously associated with this environment. With the exception of T. forsythensis, the putative pathogens were not detected by DGGE. Multiplex PCR, however, detected T. forsythensis, A. actinomycetemcomitans, and P. gingivalis in 9% 16%, and 29% of the patients with disease, respectively. The presence of A. actinomycetemcomitans was significantly associated with disease (P < 0.01). Statistical analyses indicated that the presence of Treponema socranskii and Pseudomonas sp. was a significant predictor of disease (P < 0.05) and that there was no significant difference (P > 0.05) in terms of eubacterial species diversity between health and disease.
Periodontitis is a generic term relating to inflammation of the tissues supporting the teeth but is widely attributed to succession by polymicrobial communities (36, 58, 74) . The etiology of the condition is further complicated by the presence of a complex resident subgingival microbiota that underlies both periodontal health and disease (22, 45) . Periodontitis is often self-limiting; invasion of bacteria beyond the gingival tissue is rare (32) . No single etiologic agent has been identified; rather, specific groups and combinations of bacteria including Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythensis have been strongly associated with pathology (11, 32, 58) . Emerging research now implicates both host genetic and immunological factors as being important in disease susceptibility (9, 11, 23, 24) , further demonstrating the complex nature of this condition.
Plaque accumulates in the mouth at sites such as the gingival margin, where shear forces are low (36) . Chronic bacterial colonization of this site, often in the absence of effective oral hygiene, leads to inflammation of the adjacent gingival tissue, termed gingivitis. Chronic gingivitis has been associated with both qualitative and quantitative changes in the subgingival microbiota, but the mechanisms of initiation and progression are poorly understood (32, 45) . According to the ecologicalplaque hypothesis (36) , increased gingival crevicular fluid flow in moderate gingival inflammation is responsible for early changes in the population dynamics of microorganisms at this site. This causes a shift from a largely gram-positive community (e.g., streptococci and actinomycetes) to one characterized by higher numbers of putative periodontal pathogens such as fusobacteria (4) , Porphyromonas spp., Prevotella spp., T. forsythensis (50) , and spirochetes such as Treponema spp. (7, 10) .
Culture-independent methods have proved to be useful tools to aid the understanding of polymicrobial processes and have highlighted the limitations of isolation. Quantitative DNA-DNA hybridization (checkerboard), for example, while enabling high-throughput analysis of the abundance for ca. 40 defined, previously isolated target species (60), does not necessarily detect hitherto uncultured genotypes. With such techniques, the relative abundance of ca. 40 subgingival taxa was determined in more than 13,000 plaque samples in a single study (58) . Cloning and sequencing, on the other hand, while nonquantitative, enable high-quality phylogenetic information to be obtained about both culturable and nonculturable species. Paster et al. (45) used this technique to identify 2,522 bacterial clones obtained from the subgingival plaque of 31 human volunteers, 62% of which were novel species. Similarly, Hutter et al. (26) analyzed 578 sequences obtained from 26 subjects, 30% of which were from novel species.
Both real-time PCR and DNA hybridization methods have also been used to investigate complex bacterial communities and have detected the uncultivated bacterial division TM7 in subgingival plaque (6) .
In a number of studies, denaturing gradient gel electrophoresis (DGGE) has produced highly reproducible fingerprints of consortia associated with the human mouth (15, 39, 74) and the general environment (40) . A further enhancement of this technique is the application of image analysis to construct dendrograms by the unweighted-pair group method using average linkages (UPGMA) based on lane-matching profiles (5, 27, 73) . This allows the identification of band pattern motifs that are characteristic of particular states or conditions.
The aim of this investigation was cross-sectional analysis of bacterial consortia in health and periodontal disease. PCR-DGGE was combined with image analysis to give insights into the microbial diversity of the sites, while UPGMA dendrogram construction (14, 68) and sequencing (37) (38) (39) (40) (41) were done to test for disease-associated DGGE motifs and taxa. Associations of Actinobacillus actinomycetemcomitans, P. gingivalis, and T. forsythensis with disease were tested by multiplex PCR (16, 66) .
MATERIALS AND METHODS
Subjects. Patients (n ϭ 47) attending the periodontal clinic at the University Dental Hospital of Manchester participated in this study. The use of human subjects in this investigation was approved by the Central Manchester Ethics Committee (reference 02/CM/166). All subjects were required to read and sign a consent form approved by the Central Manchester Ethics Committee. Individuals known to be human immunodeficiency virus positive or those who had received antibiotics in the previous 3 months were excluded from this study because these factors have been associated with shifts in the periodontal microbiota (6) . None of the subjects taking part in this study had been recently treated for chronic periodontal disease. Twenty-nine of the patients (9 males and 20 females; age range, 20 to 55 years; average age, 40.1 years) had chronic periodontitis (diagnosed by the presence of periodontal pockets with depths of Ͼ3 mm and bleeding upon probing). The remaining 18 volunteers (10 males and 8 females; age range, 18 to 77 years; average age, 40.6 years) showed no signs of chronic periodontitis (no periodontal pockets Ͼ3 mm deep and no evidence of attachment loss at any sites in the mouth).
Specimen collection. Samples from periodontal pockets were taken with a sterile curette. One sample was taken from each patient from the selected periodontal crevice. The age, gender, and smoking status of each patient were recorded along with pocket depth, sample site, and bleeding on probing. Samples were placed in a 2-ml plastic vial containing sterile phosphate-buffered saline (1 ml) and transported to the laboratory within 30 min. Samples were vortexed vigorously for 1 min and then archived at Ϫ60°C for subsequent PCR-DGGE analysis.
DNA extraction. DNA was extracted from the archived periodontal samples with a DNeasy Tissue Kit (QIAGEN Ltd., West Sussex, United Kingdom) in accordance with the manufacturer's instructions. The amounts and quality of DNA extracted were estimated by electrophoresis of 5-l aliquots on a 0.8% agarose gel and comparison to a molecular weight standard (stained with ethidium bromide). DNA extracts were stored at Ϫ60°C prior to analysis in nuclease-free containers.
PCR amplification for DGGE analysis. The V2-V3 region of the 16S rRNA gene (corresponding to positions 339 to 539 of Escherichia coli) was amplified with eubacterium-specific primers HDA1-GC (5Ј-CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG GAC TCC TAC GGG AGG CAG CAG T-3Ј) and HDA2 (5Ј-GTATTA CCG CGG CTG CTG GCA C-3Ј) as previously described (70) . The reactions were performed in 0.2-ml tubes with a DNA thermal cycler (model 480; Perkin-Elmer, Cambridge, United Kingdom). In all cases, reactions were carried out with Red Taq DNA polymerase ready mix (25 l; Sigma, Poole, Dorset, United Kingdom), HDA primers (2 l of each, 5 M), nanopure water (16 l), and extracted community DNA (5 l, corresponding to ca.10 ng). Optimization studies done as described by Muyzer and Smalla (43) showed that extracted community DNA required a maximum of a 1:10 dilution to ensure reliable PCRs. The thermal program was 94°C (4 min) followed by 30 thermal cycles of 94°C (30 s), 56°C (30 s), and 68°C (60 s). The final cycle incorporated a 7-min chain elongation step (68°C).
Multiplex PCR analysis. Multiplex PCR analysis for A. actinomycetemcomitans, P. gingivalis, and T. forsythensis was carried out as previously described (16, 66) . The master mixture contained 10.3 mM Tris-HCl; 51.3 mM KCl (10ϫ PCR buffer II); 2.9 mM MgCl 2 ; 0.15 M primer AaF; 0.74 M primer BfF; 0.49 M primer PgF; 0.47 M primer C11R; 10 U of AmpliTaq Gold (Applied Biosystems); 0.2 mM dATP, dCTP, and dGTP; and 600 mM dUTP (Promega). The final volume of each PCR mixture was 53.6 l (containing 33.6 l of the master mixture and 20 l of template). The DNA template material used for the multiplex PCR was the extracted DNA from the periodontal samples. The PCR was carried out in a Whatman Biometra T Gradient thermal cycler (Biometra, Göttingen, Germany) and consisted of 40 cycles of 95°C for 1 min (10 min for the first cycle), 61°C for 1 min, and 72°C for 5 min (10 min for the last cycle). Each PCR was run with a negative (sterile deionized water) and a positive (genomic DNA extracted from pure cultures of A. actinomycetemcomitans NCTC 9710, P. gingivalis NCTC 11834, and T. forsythensis ATCC 4303) control.
Statistical analyses. The chi-square test was used to compare the frequencies of detection of A. actinomycetemcomitans, P. gingivalis, and T. forsythensis in healthy patients and those with evidence of periodontitis and to determine any significant association of the presence of periodontitis with age (greater or less than 40 years), smoking status, or gender. The data were arranged in two-by-two contingency tables before being subjected to a Microsoft Excel macro. A forward stepwise logistic regression was built with SPSS version 11.5 to examine the relationship of, age, gender, smoking status, the presence of each unique band, or the presence of the widely acknowledged periodontal pathogens A. actinomycetemcomitans, P. gingivalis, and T. forsythensis with periodontitis (58, 66) . The fit of the model was determined by analyzing the Hosmer-Lemeshow test statistic.
The Shannon-Weaver index of diversity (HЈ) (12, 17) was used to determine the diversity of eubacteria present in the subgingival pockets of patients with and without disease by the following equation:
where s is the number of species (species richness) and p i is the proportion of species in sample i. HЈ was compared for subjects in both health and disease by the Mann-Whitney U test performed with SPSS version 11.5 (SPSS, Chicago, IL). DGGE analysis. PCR products derived from community samples were resolved with a D-Code universal mutation detection system (Bio-Rad, Hemel Hempstead, United Kingdom) with 10% polyacrylamide gels (16 by 16 cm, 1 mm deep) run with 1ϫ TAE buffer diluted from 50ϫ TAE buffer (40 mM Tris base, 20 mM glacial acetic acid, 1 mM EDTA). Separation parameters were optimized by running PCR products from selected pure cultures of bacteria and PCR amplicons from extracted community DNA on gels with a 0 to 100% denaturation gradient perpendicular to the direction of electrophoresis (a 100% denaturing solution contained 40% [vol/vol] formamide and 7.0 M urea). Denaturing gradients were formed with two 10% acrylamide (acrylamide-bis ratio, 37.5:1) stock solutions (Sigma, Dorset, United Kingdom). On this basis, a denaturation gradient for parallel DGGE analysis ranging from 30 to 60% was selected for community sample analyses. A DGGE standard mixture was prepared from a number of commonly isolated oral bacteria that showed good separation at the above parameters. The standard was prepared from bacterial colonies (one to three) of F. nucleatum ATCC 10953, Streptococcus oralis SK139, and P. gingivalis W50 grown anaerobically on Wilkins Chalgren agar and aseptically transferred from the surface of the plate and homogenized in a reaction tube containing nanopure water (100 l). The bacterial suspension was heated to 100°C in a boiling-water bath for 10 min and then centrifuged for 10 min (10,000 ϫ g). The supernatant was used as a template for PCR. The resulting mixed-template PCR amplicon was used as an internal standard. Electrophoresis was carried out at 150 V and 60°C for approximately 4.5 h. All gels were stained with SYBR Gold stain [diluted to 10 Ϫ4 in 1ϫ TAE; Molecular Probes (Europe), Leiden, The Netherlands] for 30 min. Gels were viewed and images documented with a BioDocit system (UVP, Inc., Upland, CA).
Dendrogram construction for cluster analysis. Gel images were analyzed with the Phoretix 1D software package (Nonlinear Dynamics, Newcastle, United Kingdom). Initially, lane boundaries were created and correction factors were applied to eliminate error due to smiling of gel lanes. The bands present in each lane were detected visually. Manually detected bands were subsequently used to create a synthetic reference lane. Each lane on the gel was then compared to the reference lane, allowing a matching profile for each lane to be generated. The VOL. 73 (Fig. 1) were cut out from the polyacrylamide gels with a sterile scalpel under UV illumination and incubated at 4°C for 20 h together with 20 l of nanopure water in nuclease-free universal bottles. Bands were well resolved on gels, enabling effective excision. Portions (5 l) were removed and used as a template for a PCR identical to that outlined for DGGE analysis. PCR products were purified with QIAquick PCR purification kits (QIAGEN Ltd., West Sussex, United Kingdom) and sequenced with the reverse (non-GC clamp) primer (HDA2). The sequencing protocol was 94°C (4 min) followed by 25 cycles of 96°C (30 s), 50°C (15 s), and 60°C (4 min). Once chain termination was complete, sequencing was done in a Perkin-Elmer ABI 377 sequencer. DNA sequences were compiled with CHROMAS-LITE (Technelysium Pty. Ltd., Helensville, Queensland, Australia) to obtain consensus sequences or to check and edit unidirectional sequences. For excised DGGE band PCRs, the fidelity of derived sequences was used as an indictor of the purity of the target sequence and the presence of a GC clamp upon sequence analyses confirmed that the correct target, rather than a contaminant, had been reamplified.
RESULTS

DGGE analysis of periodontal samples.
Complex DGGE fingerprints were observed for all patients, regardless of disease status. Some lanes exhibited up to 40 discrete bands of various densities. In general, most DGGE fingerprints were characterized by the presence of approximately five dominant bands with backgrounds of up to 40 distinct but less intense bands (Fig. 1) . Analysis of DGGE fingerprints, where the number of gel bands is broadly proportional to eubacterial diversity, did not reveal any association between community diversity and severity of periodontal disease. Figure 2 shows a dendrogram of the periodontal community DGGE profiles created by UPGMA. This comparison of DGGE profiles showed that the highest level of similarity between two individuals was 70%, with matching between the majority of lanes occurring at a 20 to 50% similarity level. Image analysis did not reveal overt motifs associated with either periodontal health or disease, as evidenced by the absence of significant similarity between samples from uniquely periodontally healthy or diseased subjects.
Sequence analysis of selected DGGE amplicons. The synthetic reference lane generated by image analysis was used to Table 1 show the closest relatives based on results of BLAST searches with DNA sequences obtained from DGGE gel bands identified by cluster analysis, excised from the gels, and sequenced. Bands in the same position but in different lanes were excised and sequenced to confirm that they had the same identity (data not shown). The data in Table 1 include the incidence of each bacterium in healthy and diseased subjects. Corynebacterium matruchotii (accession no. X82065) was uniquely associated with healthy patients (frequency, 16.9%), while Streptococcus mutans (AE014854) oc- Statistical analyses. Chi-square analyses revealed that there was a significant relationship between periodontitis and smoking (P Ͻ 0.05). No significant associations were revealed between age (greater or less than 40 years) or gender and the presence of periodontal disease. Logistic regression analysis (Fig. 3) indicated that the presence of Treponema socranskii and Pseudomonas sp. was a significant predictor of disease (P Ͻ 0.05). The overall percentage of the Hosmer-Lemeshow test for goodness of fit of the model was 74.5%. The MannWhitney U test was used to compare the Shannon-Weaver indexes of diversity (HЈ) of periodontally healthy and diseased patients. This revealed that there was no significant (P Ͼ 0.05) difference in terms of biodiversity between the two sample groups.
Multiplex PCR. The presence of the periodontal pathogens A. actinomycetemcomitans, P. gingivalis, and T. forsythensis in each of the samples as ascertained by multiplex PCR analysis was indicated by the presence of a clear band of the expected size (Fig. 4) . The frequencies of detection of all three pathogens in healthy and diseased subjects are indicated in Table 2 . Statistical analyses (chi square) revealed that there was a significant association between A. actinomycetemcomitans (P Ͻ 0.05) and periodontal disease but not P. gingivalis (P ϭ 0.67) or T. forsythensis (P ϭ 0.09).
DISCUSSION
Current developments in molecular analysis have overcome many of the restrictions associated with culture-based techniques. The requirement for samples to be processed quickly, the need for specialized anaerobic techniques, and low cell recoveries are particularly problematical when studying microbial ecosystems associated with the periodontal pocket.
In the present study, the bacterial diversity of the human subgingival crevice in health and disease was investigated by combining DGGE of the 16S rRNA gene with image and cluster analysis and sequencing of key PCR amplicons, together with statistical analyses and multiplex PCR of three periodontal pathogens. The strength of this approach is that it will theoretically detect the presence and identity of any amplifiable target sequence above the detection threshold (43) whereas hybridization techniques are arguably more suited to measuring the abundance of a finite number of previously cultured, relatively abundant species (25, 59, 60) .
Although DGGE analysis has previously been used in a   FIG. 3 . Classification plot derived from logistic regression analysis. The x axis is the predicted probability (Prob), from 0.0 to 1.0, of the dependent being classified "1" (disease). The y axis is frequency, i.e., the number of cases classified. Inside the plot are columns of observed ones and zeros, which stand for disease and health, respectively, with 2.5 cases per symbol. limited number of studies to produce fingerprints of periodontal bacterial diversity (15, 74) to date, few studies have combined DGGE, cluster analysis, and sequencing in a relatively large subject group. DGGE data indicate that the periodontal pockets were colonized by diverse eubacterial communities. The amount of diversity, however, did not correlate with either periodontal health or disease, which supports the hypothesis that periodontal disease is associated with a shift in the balance of the subgingival microbiota rather than the action of a single pathogen (36) or a simple increase in diversity. Equally, cluster analysis of DGGE fingerprints did not reveal overt band pattern motifs associated with either health or disease and statistical analyses indicated that there was no significant (P Ͼ 0.05) difference in species diversity between health and disease. Furthermore, despite the acknowledged presence of resident species within the periodontal pocket in health and disease (23, 63, 72) , only two fingerprints shared ca. 70% homology while the majority of fingerprints were less strongly related. Figure 2 shows that most of the clustering between individuals occurred at the 20 to 50% level. Since no correlation between these clusters and the presence of extant disease was observed, it is possible that these clusters relate to variables beyond the scope of this investigation, such as the genetic subgroup of the subject (e.g., tissue type), immune types, ethnicity, geographical location, and successional events during oral colonization. It is also possible that distinct stability classes exist within periodontal microbial ecosystems.
Race (47), age (53), diabetes (57) , and smoking status (3, 19, 42, 62) have all been shown to be important in relation to various levels of antibody production associated with periodontitis. In this respect, it is generally accepted that host factors including genetic susceptibility and the gingival immune responses (18, 31, 32, 52 ) play a significant role in the etiology of periodontitis. Hart et al. (23) measured the expression of immune genes to demonstrate the role of the host immune response in periodontitis, while early colonization events (28) could also account for the high levels of interindividual variation observed in the complex bacterial community of the periodontal pocket.
Sequence analysis of all unique DGGE bands enabled the association of specific bacterial genotypes with health or disease to be investigated (Table 1) , although this depends on the validity of community analysis and the accuracy of the sequence data derived from the technique. Accordingly, it has previously been demonstrated that comigrating bands generally correspond to identical sequences (29) . This was verified in this study by excising bands that corresponded to the migration positions of known reference bands and carrying out sequence analysis to ensure that the same identification was obtained.
The apparent association of C. matruchotii with healthy gingivae is noteworthy (Table 1 ). This observation is in agreement with Kumar et al. (30) . Our data also demonstrate the unique but putative association of S. mutans, Staphylococcus sp., and an unidentified bacterium with health. To our knowledge, this has not been previously reported, although it is notoriously difficult to differentiate between indirect positive or negative associations and direct involvement in the disease process. The association of gram-positive bacteria with health is, however, in agreement with the ecological-plaque hypothesis (36) . Conversely, the association of Staphylococcus epidermidis, A. latus, and Streptococcus sp. with disease and the lack of such an association for the putative periodontal pathogens P. gingivalis, T. forsythensis, and T. denticola do not prove that these species are unimportant in disease progression, since their relative abundance might be low. They do, however, indicate the complexity of the disease process and a probable multifactorial etiology (23) . An important issue relating to progression to periodontitis and the bacteria that have previously been associated with the process is the population density of the potential causative organisms. It is possible that differences in the sensitivity of the PCR technique in comparison to hybridization methods mean that putative pathogens strongly associated with disease only at high abundances could have been detected even when below a critical threshold.
One sequence did not generate a database match and has been designated a putative new phylotype. Since up to half of the bacteria present in the mouth remain uncultured (45), they have not been characterized with respect to metabolism and pathogenesis, other than by molecular informatics. It is therefore possible that a hitherto uncharacterized bacterium plays a role in the pathogenesis of oral diseases and may also be a useful marker of disease.
A number of nontypical oral genotypes were identified; these included, Pseudomonas sp., C. indologenes, S. epidermidis, Sphingomonas sp., Enterococcus sp., A. latus, S. yanoikuyae, "Citromicrobium" sp., and Shewanella sp. The detection of nontypical oral genotypes in the samples reinforces the utility of DGGE over hybridization methods and real-time PCR since there is no experimental bias toward typical resident oral species. DGGE will theoretically identify any amplifiable target sequence above the detection threshold (43), whereas hybridization techniques measure the abundance of a finite number of species (25, 59, 60) . It is important to note that DGGE is not a truly quantitative technique and that band density does not necessarily relate to target abundance. It is therefore possible that subtle associations between species abundance and diseases would not necessarily be identified. Care should be taken when making phylogenetic inferences from sequenced DGGE bands, since derived sequences are short and may be of variable quality (Table 1) . Such ambiguities probably arise from amplification of different phylotypes with similar or identical electrophoretic mobilities. The relatively short sequences derived from DGGE also reduce the refinement of phylogenetic determination. Despite these concerns, DGGE is currently one of the few techniques that allow reproducible visual comparisons of profiles from microbial communities to be derived and has been successfully applied to a wide variety of microbial ecosystems (51, 67, 70) .
Statistical analyses confirmed significant associations between smoking and the presence of disease. This finding substantiates previous studies that have linked smoking to an increase in periodontitis (20, 21, 42, 69) . The identification of the presence of T. socranskii as a significant predictor of disease supports previous analyses that have demonstrated a potentially pathogenic role for this spirochete (46, 71) . It has previously been detected at higher frequencies in periodontitis patients than in healthy patients (61 The specific detection of periodontal pathogens by a multiplex PCR assay revealed the presence of A. actinomycetemcomitans, P. gingivalis, and T. forsythensis. Interestingly, both A. actinomycetemcomitans and P. gingivalis were undetected by PCR-DGGE, suggesting that their relative abundance was low in the periodontal pocket and that they remained below the detection threshold, in contrast to T. forsythensis, which was detected by PCR-DGGE and was more prevalent among diseased patients. This is in agreement with previous studies that have detected T. forsythensis at higher frequencies in diseased subjects compared to healthy controls (22, 72) . A. actinomycetemcomitans has been widely linked to periodontitis (13, 56, 64) and was significantly associated with periodontal disease in this study. All three pathogens were present in both health and disease, which indicates that the amount of these bacteria is more significant with regard to the disease process. Furthermore, significant associations between certain bacteria and disease are arguably more likely to be ascertained in larger-cohort studies.
The etiology of periodontal disease has remained poorly understood despite considerable research attention. Pioneering work (1, 8, 33-35, 58, 59, 65) using DNA-DNA hybridization "checkerboards" to measure the presence and increased abundance of key species has enabled associations to be made between certain species and periodontal disease. For example, P. gingivalis, T. denticola, and T. forsythensis have been most strongly associated with periodontal disease (48, 61) . Paster et al., for example, identified a number of putative periodontal pathogens from eight different phyla by a clone library technique (45) . Importantly, this approach identified the unculturable division TM7 as strongly disease associated (6, 44) . Significantly, these researchers documented that human subgingival plaque harbors several hundred bacterial species or phylotypes (26, 45, 49) , the majority of which are nonculturable.
Despite a number of elegant studies of the bacterial diversity present in periodontal pockets, attempts to differentiate between the association of certain phyla with disease and causality have met with only limited success, although studies which integrate microbiology and immunity are providing new insights into this complex process (23) .
Conclusions. This study demonstrates the efficacy of DGGE combined with cluster analysis to interrogate resident communities in oral health and disease by providing reproducible community patterns. High levels of interindividual variation of bacterial subgingival communities were observed with no association between microbial complexity and disease. No clear association between putatively pathogenic species and disease emerged during DGGE analysis. For the detection of specific pathogens that may be present at low abundance, specific PCR protocols have greater sensitivity, as evidenced by data derived from multiplex PCR analysis for A. actinomycetemcomitans, P. gingivalis, and T. forsythensis.
